The low-temperature properties of CeOBiS 2 single crystals are studied by electrical resistivity, magnetization, and specific heat measurements. Ce 4 f -electrons are found to be in a well-localized state split by crystalline-electric-field (CEF) effects. The CEF ground state is a pure J z = ±1/2 doublet, and excited doublets are located far above. At low temperatures in zero field, we observe pronounced − log T divergence in the specific heat, revealing the presence of quantum critical fluctuations of 4 f magnetic moments near a quantum critical point (QCP). Considering that CeOBiS 2 is a nonmetal, this phenomenon cannot be attributed to the competition between Kondo and the Ruderman-Kittel-Kasuya-Yosida (RKKY) interactions as in numerous f -electron-based strongly correlated metals, indicating an unconventional mechanism. We suggest that CeOBiS 2 is the first material found to be located at a QCP among geometrically frustrated nonmetallic magnets.
nondoped CeOBiS 2 . Since this material is a nonmetal, the Kondo effect (a Fermi surface effect) cannot be realized in principle. Therefore, an unconventional mechanism is necessary to account for this behavior.
CeOBiS 2 is a mother phase of a recently found BiS 2 -based superconductor. [5] [6] [7] [8] As shown in K (under applied pressure, it increases to as high as 6.7 K 10 ). In view of the two-dimensional (2D) nature of the crystal structure, it is intriguing to compare the physical properties of CeO 1−x F x BiS 2 with those of cuprates 11 and Fe-based superconductors. 12, 13 Single-crystal studies have shown that CeO 1−x F x BiS 2 has strongly anisotropic superconducting properties. 14 In addition, the possible coexistence of superconductivity and Ce 4 f -electron ferromagnetism in this system has been pointed out recently using polycrystalline samples. 15, 16 These findings have motivated us to investigate in detail the 4 f -electron magnetism using single crystals. In this study, we investigate the physical properties of undoped CeOBiS 2 single crystals. This is the first report on the magnetism of 4 f electrons in the series of LnO 1−x F x BiS 2 (Ln: rare earth) superconductors using single crystals. down to 2 K and up to 7 T. Specific heat (C) measurements were performed using a quasi- is determined by crystalline-electric-field (CEF) model fitting to the M(T ) data (see below).
Electrical resistivity was measured by a standard AC four-probe technique.
In Fig. 3 , the temperature dependences of the in-plane resistivity ρ a are shown for sin- Owing to CEF effects with the tetragonal point symmetry C 4v (4mm), the J = 5/2 multiplet of a Ce 3+ ion splits into three doublets. The CEF Hamiltonian can be expressed as Table II .
The 4 f -electron contribution to the specific heat C 4 f of CeOBiS 2 was obtained using
where C LaOBiS 2 is the specific heat of LaOBiS 2 single crystals measured in 0 T. The resulting data are plotted as C 4 f /T vs log T in Fig. 5(a) . No anomaly indicating a phase transition was detected down to 0.2 K in any field, indicating that 4 f -electrons are in a paramagnetic state in the measured T and H regions. The most salient feature in Fig. 5(a) is that C 4 f /T in zero field continues to increase with decreasing temperature below ∼ 3 K. 24 It shows distinct − log T dependence for about one decade in temperature. The 4 f -electron contribution to the entropy S 4 f calculated using the C 4 f data is shown in Fig. 5(b) as a function of log T . In the temperature range of around 5 − 30 K, S 4 f shows plateau behavior with a value of R ln 2, consistent with the CEF level scheme obtained above.
From this fact, it is obvious that the − log T dependence of C 4 f /T originates in the J z = ±1/2 ground-state doublet. The characteristic temperature T * of the − log T behavior can be estimated from the fitting using C 4 f /T ∝ log(T/T * ), which gives T * = 1.8(1) K. Therefore, a measurement of the magnetic susceptibility below T * is needed to investigate the magnetic properties related to the − log T behavior; in Fig. 4(a) , the deviation from the Curie-Weiss behavior is hardly noticeable above 2 K.
By applying fields, the − log T divergence of C 4 f /T is suppressed and it shifts to higher tem-peratures with its structure changing. Eventually in 8 T, a Schottky peak structure is observed at approximately 6 K. This peak is attributable to the thermal excitation in the Zeeman-split ground-state doublet, reflecting the fact that quantum fluctuations in 4 f magnetic moments dominating in zero field are significantly suppressed in 8 T. The peak height of 3.60 J/K mol, which is slightly smaller than 3.65 J/K mol expected for a two-level system, reflects the broadening of the peak probably caused by remaining quantum fluctuations. The Zeeman energy separation estimated from the peak position is 15.1 K, which is slightly larger than 13. Therefore, the present findings strongly indicate that CeOBiS 2 is the first material found to be located at a QCP.
